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PREFACE
The research reported herein was performed at the request of the US Army Toxic and Hazardous Materials Agency (USATHAMA), Aberdeen Proving Ground, MD, under Project P11 -Treatment of Munition Production Wastes, which is part of the DARCOM Pollution Abatement and Environmental Control Technology Program. Subtask P111.04.04, Nitroguanidine Wastewater Treatment Criteria, Charles Denzler, Project Engineer, calls for characterization of Sunflower Army Amunition Plant (SFAAP) wastewaters (through document review and sample analysis) and bench scale treatabiity studies for control, primarily, of nitroguanidine and guanidine nitrate. Four treatment technologies have been identified "or testing by the US Army Medical Bioengineering Rehearch and Development Laboratory (USAMBRDL) under Phase III of this subtask; 1 these are photolysis by ultraviolet radiation, ozone and hydrogen peroxide oxidation unpromoted or promoted by ultraviolet radiation, activated carbon adsorption, and ion exchange. Studies on the latter two processes are described in an accompanying report. 2 High performance liquid chromatography (HPLC) analyses were performed at USAMBRDL by Mr. Ernst E. Brueggemann, and ion chromatography analyses were performed by Ms. Louanna J. Baxter.
Purification of nitroguanidine and synthesis of nitrosoguanidine was performed by Mr. Alan B. Rosencrance. .d.-V.. "2," ."/ , -",", .' ,,, ,', ',-" '-. ,, ""," "'.i-.""""" -,".~ ., ' ,% €." i, "'4"' ". " -'
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INTRODUCTION
Sunflower Army Amunition Plant (SFAAP) is a government-owned, contractoroperated installation under the administration of the US Army Armament Munitions and Chemical Command (AMCCOM). Manufacturing capabilities at SFAAP are primarily for propellants and related materials. A 40 ton/day plant for continuous manufacture of nitroguanidine has been constructed at SFAAP. The plant utilizes technology which, though tested individually, has never been previously tested in operation. Although the production facility was originally planned to operate with no wastewater discharge, it now appears that as much as 400,000 gpd may be generated.
Because nitroguanidine has never been manufactured on an industrial scale in this country, little information is available on the environmental impact of nitroguanidine and production wastewaters discharge. Kaplan et al., 1 have reported that nitroguanldine was sensitive to ultraviolet light, and preliminary work at USAMBRDL has indicated that aqueous nitroguanidine degrades in S bright sunlight with a half-life of about 20 hours. 2 Degradation products included guanidine, nitrite, and two cations. Since SFAAP wastewaters are presently stored in open basins and photolysis appears to be a feasible pathway for degrading aqueous nitroguanidine, it is essential that the product(s) be determined. Using similar treatment conditions, guanidine nitrate was not degraded. 4 Studies by Noss and Chyrek 5 have shown that photolytic destruction of nitramine munitions were inhibit..d by hydrogen peroxide when concentrations exceeded 0.1 percent. Initial hydrogen peroxide concentrations of about 0.01 percent have little effect on ultraviolet light intensity, but should enhance radical formation and photolytic activity.
RESULTS AND DISCUSSION
DEGRADATION RATES
Nitroguanidine was degraded by ultraviolet radiation, but was unaffected by hydrogen peroxide or ozone treatments. Figure 1 shows that 0.1 percent hydrogen peroxide or ozone-saturated reactor solutions did not decrease nitroguanidine concentrations. However, a 60 percent loss of nitroguanidine was observed after 1 hour when a 100 mg/L nitroguanidine solution was irradiated with ultraviolet light. Figure 2 shows that the use of ozone or hydrogen peroxide in conjunction with ultraviolet light did not enhance nitroguanidine destruction. Calculated pseudo-first order reaction rate constants (Table 1) show that ozone application actually decreased the rate of nitroguanidine destruction. Table 2 demonstrates that the rate of degradation of nitroguanidine was not dependent upon pH. Guanidine was decidedly refractory with respect to treatments by ozone, hydrogen peroxide, and ultraviolet light. The stability of guanidine is demonstrated in Figure 3 . Further studies on guanidine degradation were discontinued.
Data from initial studies on nitroguanidine degradation by ultraviolet light produced a half-life of approximately 50 minutes. Continuing experiments conducted over 4 to 5 half-lives showed a dramatic disappearance of nitroguanidine when the reactor solution concentration reached 20 mg/L. A straight-line plot on semi-log paper no longer existed, indicating that the destruction of nitroguanidine was not pseudo-first order over the entire concentration range. 
PRODUCTS
Figure 5 shows that little difference in nitroguanidine destruction by ultraviolet light was observed at pH 5 compared to trials conducted at pH 11. However, guanidine was produced at neutri. and acidic pH values, while none was produced in highly alkaline solutions. Furthermore, only 2 to 12 mg/L of nitrite-nitrogen and nitrate-nitrogen were found under any given set of conditions. This means that at least 50 percent of nitroguanidine-nitrogen was not recovered during ultraviolet treatment at neutral or acidic pH values. Nonrecoverable nitrogen was as high as 80 to 85 percent when nitroguanidine solutions were treated at pH 11.
The production and subsequent destruction of nitrosoguanidine was observed during nitroguanidine treatment with ultraviolet light. Nitrosoguanidine was therefore considered to be a possible intermediate formed as nitroguanidine degraded. Figure 6 shows the results of nitrosoguanidine destruction by ultraviolet light at pH 5 and 11. At pH 11, the degradation of nitrosoguanidine yielded little guanidine. However, at pH 5, 80 mg/L of nitrosoguanidine yielded 58 mg/L of guanidine. Essentially 100 percent of the nitrosoguanidine-nitrogen was recovered as guanidine-nitrogen, nitritei 'a nitrogen, and nitrate-nitrogen at pH 5, while only 25 percent of the total nitrogen was recovered after treatment with ultraviolet light at pH 11. These data indicate that nitrosoguanidine is a likely intermediate in guanidine formation during ultraviolet irradiation of nitroguanidine, but other products and pathways exist which have yet to be determined.
Analyses of degraded samples for cyanoguanidine, cyanamide, urea, melamine, ammeline, and ammonia have demonstrated trace concentrations of each. Urea was considered to be a likely product, but only 2 to 3 mg/L could be recovered after the photolysis of 100 mg/L of nitroguanidine. Biguanidine was also considered as a possible product, but its presence has not yet been
%"
demonstrated.
Further work on the identification of nitroguanidine degradation products is recommended.
It is important to demonstrate that photolytic products can be varied by altering reaction conditions, but the identity of these compounds must also be elucidated.
.
• .SUMMARY AND CONCLUSIONS
Nitroguanidine was degraded with ultraviolet radiation. The end products of ultraviolet photolysis are dependent upon the wastewater pH. At pH values ranging between 3 and 10, guanidine and nitrate-nitrogen were produced, accounting for approximately 40 percent of the total nitrogen content. An additional 10 percent of the total nitrogen was recovered as identifiable compounds at low concentrations. The remaining 50 percent of nitroguanidinenitrogen was not recovered.
At pH values greater than 11, no guanidine was formed during photolysis of nitroguanidine. Under these conditions, greater than 80 percent of the * initial nitroguanidine-nitrogen content was not recovered. The difference in -the amount of recoverable total nitrogen at acidic and alkaline pH values was associated with the production of guanidine. In summation, the rate of , * ~.. d9./ ultraviolet photolysis of nitroguanidine was independent of pH, but the production of guanidine occurred only below pH 11.
Neither hydrogen peroxide nor ozone was capable of degrading nitroguanidine or guanidine. The use of hydrogen peroxide or ozone in conjunction with ultraviolet light did not increase the rate of nitroguanidine destruction or the apparent distribution of identifiable products. Guanidine persisted throughout all tests. Therefore, guanidine formation from photolysis of nitroguanidine must be considered when effluent limits are set for both nitroguanidine and guanidine.
EXPERIMENTAL PROCEDURES
MATERIALS
Nitroguanidine was obtained commercially, recrystallized from water, and dried to a constant weight. Guanidine was purchased from J.T. Baker Chemical Co. and used without further purification. Hydrogen peroxide was purchased from Fisher Scientific as a 30 percent solution, then diluted to desired concentrations Immediately prior to use. Ozone was produced on-site with a W.R. Grace and Co. Ozone Generator, Model LG-2-L2, operated at 250 watts and 10 SCFH.
SOURCE OF NITROSOGUANIDINE
The reactor column is shown in Figure 7 . The column consists of a stainless steel cylinder, 78 inches high and 6.6 inches in diameter. It contains a sintered stainless steel gas sparger with a mean pore size of 5 micrometers, which is located approximately 2 inches above the base of the reactor. An 80-watt lamp encased in a 1-inch quartz sleeve runs vertically through the center of the column. The lamp emits ultraviolet light at a wavelength of 253.7 nm. Mixing of reactor contents was achieved by recirculating wastewater at a flow rate of 2 gpm.
METHODS
Nitroguanidine and guanidine solutions were prepared within an hour before *;
use. The pH was adjusted with hydrochloric acid or sodium hydroxide. In indicated experiments, test solutions were buffered with 0.001 M sodium phosphate or sodium borate to maintain pH values of 7 and 11, respectively. *Samples ware removed from the reactor column at timed intervals. Each sample bottle contained sodium thiosulfate to quench oxidants which may have been present in the sample.
Nitroguanidine, guanidine, cyanoguanidine, melamine, ammeline, and nitrosoguanidine concentrations were determined according to the methods described by Burrows, et al. 6 Nitrite-nitrogen and nitrate-nitrogen concentrations were determined by the EPA Automated Cadmium Reduction Method, number 353.2. 
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